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MATSUSHITA ELECTRIC IND CO LTD 
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20000303Published 20000303 

Abstract: PROBLEM TO BE SOLVED: To provide a highly reliable 
semiconductor laser having stable self-excited oscillation characteristics by a 
method wherein the degree of doping of a saturable absorption layer and a 
spacer layer, which constitute the laser, and the thicknesses of the saturable 
absorption and spacer layers are specially set properly. 

SOLUTION: This semiconductor laser comprises a substrate 201 consisting 
of an N-type GaAs film, an active layer 204 and one pair of clad layers 
holding the layer 204 between them. The laser further comprises a spacer- 
layer 205 adjacent to the layer 204 and a highly doped saturable absorption 
layer 206. The layer 206 is arranged at a position separated from the layer 
204 so that the coefficient of optical confinement of the layer 206 is set at 
about 1% or higher. By doping highly the layer 206, the life of carriers in the 
layer 206 is shortened and the stable self-excited oscillation of the laser is 
obtained. As the result, a semiconductor laser having the relatively low 
strength of noise extending over a wide temperature range is obtained. 
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12 0 4*»e>ttWSJXfc3tSr^ItefP»'RJi2 0 6 75*+# 
icPiJUXT'tSl^lw. 5IiR$ft*. 



[0 0 6 0] HRfc, (A 1 ,Ga h ) 0 . 5 I n 0 . 5 P.CO 

K=¥*y:/|4. A 1 a^xCOtfSPt ttl'^f < ft 
5 0 ffioT. 116 11. ^jnfcWWJSttlftifi©^^ K* 
+ 77*^77^/^), *UTV5, 06*»?>47*>6 
2 0 5 K^t 7'li, fgttS 

2 0 4&l>'"TifrFa®4XJf 2 o 6 Y^-f v 7*1 9 t> 
III**. iSI4i2 0 4A't5^<7D-Lfe'> 
DTiJ-5IiSfpRi|xlS2 0 6ICA5^ fc£$#lf 5« 
[00 6 1] >Mi2 0 5<D^^K=¥+ y7°l4. H 

lff)pS^77 Kl 2 0 7#£'<Dv<>K=¥-vy:7'i:3rL 
<!2JE$ft5&gl4fr^o Stt«2 0 4*»b«J*-r 

^-1M2 0 5C0/O K=¥-Y i/7'll. ^lC0pM^7-> 
K12 0 7$f<Os<> K**5'7'J: 9**<I*J£Sft»5 
(^/<-f|2 0 5 CO A 1 fflfi&'iO. 7l9*:#<i3:JE 

HXJ12 0 erojtWCi&feffftSrWSI"*^*'-. 
f!20 5 <73^<>' K=¥+ y ^14, ^ 7 y KflliSroteroa* 

tf2 0 5fl)A 1 m«S»40. 7 J: 9*3 < IS* 3 ft* 
5) o 

[0 0 6 2] *mSWe"4. ^IfiSlDKHxS 2 0 6 C03tP^ 
Cii»ff*»4tt4. 5%-Cfc5. pTffifnRlRB 2 0 6 
JtEfl CiA**^ 5 3 h t . L it l a^s#tt^ 5 

[0 0 6 3] 13 7 II. d2IC^-r^*U-f-'^fitOl 
«-3ttU73^tt5r^i"o m§£««EI4. ^5 0mAT-<fc 
So g©j5gS^«^U— ifgfico#tl^±3V>TI4. ii 
^<7)^«{$: u — t A tt o T . g@ (tlMffT-Tc; Hi 
7J<7)^8^j:3:*)±i4 s 9^abft5. Iftl4. ^IfiSfDRUX 

4Ti4)fe/J^^g^ ) ^tti$ft' , <^v^fcft-c-fc5= y ra 

[0 0 6 4] H8I4. H70/57i:*ilt5jSPli:» 

(Si-^ma^^w* u— y-'^e^^ft'S^'-* 3 ^?' > 

ifetil^W^Wte^ttSr^LTl^. ®5l^3ftTV^ 
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[0065] ei 9 1*, wscff»snfcia«ae*» 

ft u -f-'^ffl Srt&ffc $ * 5 r t lw J: o T» feftfcfcttJ* 

[0 0 6 6] 07 Sr#B8i"5 £ . ffiASS^. 0 7 <7?£ 
P 1 £tlS1-ai<te*Ui:«fcJEI-** £® 

Of tie 1-?)o 
[0 0 6 7] 01 014. **i6MHSHia (P MI ) <7> 

1*3. Bll 0 feW 5 lw, ^foKHRl^K-tr 

>^u-</^5 1 x l 0 ,8 c m- 3 <t <9<S^ (01J&I4O. 8 
xiC'cm" 3 ) *&IJ1I4, g©5§lll4£C&V\> ZtX 
WfLT, prfifpaiDlSroK-brv^u^u^l x l o 
i»cm- J tfe5i#, ft^eSi^Stil^ (PJ 14 
5. lmWT'fetK pI^fD!»llXS0K-f ^/U'-i-'U^ 
1. 5 x 1 0 18 cm- 3 T*fe5fc#. a^Sii^iSfcti^ 

(P MI ) 14 8. 2raWT'*)!) 1 nT&?D©l|X®<£> K-fc* 
^^U^U^S 2 . 0X1 0 1! cm-'tfe5tt, ft^ci 
6b%&tt£ (P„) 1414. 3mWffc5, ^CD4? 
IC. K— 7 V^ivft l X 1 0 18 c m- 3 £A±lw/,e£ 
i:, g^eSft^fitB* (P ra ) ttft«C**-f*. 

[0 0 6 8] 0 6£#R?.Lft#fe. ^^-ti® 

[0 0 6 9] ?§f±l 2 0 4 t ^muvMZM 2 0 6itf)ffi 
ic&ttfeftfc*"*— 9-12 0 5<7)&6t*S£$:>n1"o 
— y-B 2 0 514^1 MS if. *HSfDK45lS 2 0 6#Stt« 
2 0 41135^5 < 0 lot, pIISfp!RiRJi2 0 6W3t«)EB 

|Z»< ?§14S2 0 4^fe"Iia?a5SHXl2 0 6 

[0070] 01 1 aro'01 i Bt4. *m#\s—r£ 

(HID Sc>'l; ; F-^S<757'n7r'l'"' £^1% 
0 1 1 AI4. tf-Jf 2 0 5 l ooAroi^- 

&^L. 01 1 BI4. ^-:-tl2 0 5OfM!5 0 0 
A £nx-r. 

[0 0 7 1] °Tg&?n®HXJf 2 0 6 T'Wffi^Mtt, 
—HI 2 0 5^5 00 A fl>*£\ * 9 5> K«jfi«)te©W 

^-f-l 2 0 5^100 A£>4§£. pIl&foKlR® 206 
-eroflE^ffiffill. ?SH412 o 4<£>f| : i L ®&£&;i"CV 
6. Cfttt, 9 <7)fiwm^^^fia?P5SHXl 2 0 6 lw 

[0 0 7 2] T©^£Al::4<>-C^®<^>-t;ii^^i : •® 
|^£W-r•5i. ^¥D®HXll4ftj#Sr^'fe, tli-^u- 




i|#B8 2000-68610 



i*s^ffii<c*. S^lwi 1 ?. 2 o 5<nw 

$14, i ooAJ:9Jf<-r*^K* J *>*wi*sfe*>o 

[0 0 7 3] 01 214, *^-1flOTW$£*TtSfnRilX 

1 x-<o *-r-«ft t oHff t ^ 5 y x h 5 = z <r> 7 7 

6fc*lwl4. m^S?r3x l 0 18 c m- 3 £ATlcWlx5 

0 l 2*»fefc^5 i 5K< li^&g&sx 
1 0 18 cm-WlCi--5^l4, *s<—f®<n%.ZZ2 0 
0A£il±^i-S^fi* s *>5. 01314, f&<n>n. 

^LfcgS))^«^itfi)c1-?)fcft{rl4, 01 2&O t 01 3 
jJ»fe, ^^-f-JfroJ?$l4*-)2 OOAaitfeS^gi 5 

[0 0 7 4] 01 4BI4, ^M-fc^—f^i 

BWtS*t»fi$§lF (R I N) #tt«r*1\ 01 4AI4, 

L, 014BI4, ^WW^frL'-l^fi^tt^ 

[0 0 7 5] ^SEtt. -ElMUStS 

HirigoTgc^Lfcte^ifttt^b-O^, #lc, - 

1 4 0 d^<D{m^bixX\^<DX\ *%W<D*mfc^ 
— !f 3Slll4liffl WJwjg LTV >5 r. t *$h>*»4. 

[0 0 7 6] !!>ClC, ^^<— thSro^^jgSl-oV^-CSft 

[00 7 7] iM-^Bjl&fD5SlRS<-— ^t-^F^ 

Sr K-T'i-S w 1 1- i o X^m MtilM &t$ft % * * » 

•5„ 015AI4, ^^<— iHfco K— bf ^ ^ U"</u*s 5 x 
1 0' 7 cm- 3 <75m^Wif^tt^W^^?r^L, 01 5 
BI4, *s<—fS<D y-t'y^^^^^ 2X1 0 ,8 c m 

-wm£<n\mv±n%i<ote%&*i-<, 0 1 s arv® i 

5B*»fefe*»5J:9l-. tM^2 x l 0 18 cm- 3 

K--'' 5 ^ hX' K-7'$^S t , K-^<^ K* 5 S 

ttsir^x-te^-rso NFMt tttwU— f<om 

B<75^b/4 5 ^^lcgS*T-fo?) :w ! W"5fc. 
[0 0 7 8] El±lcttWtfct*i9. fSttli£ff<0^« 

14. tt*ffl9lcJt«Wt6;»flEC^««^K-7 , Sii5. 
[0 0 7 9] tAT, "TfifDKilKJH t * «>att»«>^F«»» 

[0 0 8 0] r^x*. ^-tlcK-f^^^t 
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pJSSfaKiRlco K-tV^i/^ioSI^APtt 
5. 01614. P„,roAPtfit^ttSr*L-r^5. ^co 

0 A» 91 API4. #*L<I4, 0. 3X 

1 0"cra- J Wtfci). *^<— rli4. ^WtnX^~ 
\z b'—7<SiiXi<*Z>&9W£< . 7^-^114, ^Ffcfcfe 
*sH:«»^K*fil= K-T'SftfcglSftt&Sfiglw K— 7" 

[ 0 0 8 1 ] 0 1 7 ~0 2 0 (4. Blf&fnBilKlS.U^CO 

[00 8 21 01 7 Sr#fi8i"S £ . 7^-f-l 2 o 5 <o 
— fl5fc"5II&f 05511X1 2 0 6 K-t^^U-<^ s 1 . 
0X10 18 cm- 3 t*)5<Ol:, ^-t|2 0 5«9*! 
■CfSttJB 2 0 4 \zmt+ZUQ<D K-^7*l"<>H4. 
1. 0 X 1 0 18 c m- 3 4 lWiJiJ-CI4. *^<— 

12 0 5 Kfc^TSt&l 2 0 4 K-bf 
V^U^yUt Bl^f0fiUDll2 0 6W K-f ^l"^* 
<OM&#, 0. 3 X 1 0 l8 c m.-^±.Xhi><DX\ 

[0 0 8 3] 018 fc#HH-5 t . T^—iH 205 
14. *g|S#ri\ pTfiftKlRB 20 6© K-tfy/U-t/W . 
tJit A/iflUC K-f^^w-^^T-^F^;* 5 K— 7"£tl 
-CV>2»^, 2 0 5 © 9 *)T*fSttl 2 0 4 (DiS 

$<Og|5#»4. gtt§2 0 4 fclitflUC Y-WW^fr 
izyfi&WA K-7"$^T^5o -COtflJT'tt. 

2 0 5 KjoV^gtt! 2 0 4lcBS5i-5a»«? K-t 0 ^ 
;/U^</Ut pIISfP©lRl 2 0 6WK-t^^^t« 

0. 3X10»cm-»Wl-e*)5Ot > SHU 

[0 0 8 4] 019 fc . 7^— tH 2 0 5 (4 

^F^T-iS-t- K-T'Sntl 1 ?). r©l^, 7"<-f- 
12 0 5(0 K-tV/U^^i: Bl&fDfRlK! 2 0 6 CO K 
-f^^W^/UtW^^O. 3 X 1 0 18 c m- 3 U±X' 

[0 0 8 5] TOfti&ai 2 0 6 *53F«WCJ5afiElw K 
-7*$*VO^*l£\ 02 Oir^^nSJ;?!-. •'Er'O^F 

•siiafDPfiiixi 2 o 6tr»»i-5S^. ^ 

[0 0 8 6] #Hl&0iJ-ei4, l26H*$ix5J:5»:. "I 
fi&fDKUXJi 2 0 6 14^ l <o p S7 9 5/ Kl 2 0 7 co-p \z 
tSltfejh/CV^. n8!*7 7 KS2 0 3©«PtK»te> 
n-CtJ:v\ **««-CttWLfcJ:5lc. ^JffifnRiKl 
2 0 6 jjsgttl 2 0 4 |;ffiffllljfi< ttiSnfc 9 . 
I4S1412 0 4 f5H&fP551Xl2 0 6 tWSW^^-t 
12 0 5<OK-f ^^u^/u-4rS5< Liit'Si. 
14. Hffl6ti77*D >a yx-<n{tm.'&$:%o<> nl? 
7 •> Kl 2 0 3 rotroawOifitBJ-lttfnKiRJB 2 0 6 
#32:tt fcftfttf. ^IffifnKiRIB 2 0 6 » pM? 7 y Kl 
2 0 7lwBttf>ft3*friHI«fc, HSfoKflX* 2 0 6 

x-<D**\)7<nmtiimmzm.<X'Zx. gcfcLfce©* 
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[0087] mmm 2 > #$§w \z x z> ^-vm 
14. m+#wffimt:$ts%&az%^x^z><DX\ gi 

[0 0 8 8] 02 1 tC^ftS 4 ^f^u— ^ 
14. nSGaAs£|1201i, G a A s £& 1 2 0 

^*ISltfljt(4, nSGaAs/<777ll 2 02. , 
nSAlGa I n P?77 Kil 2 0 3, A 1 G a In 

pmg a i n paifefca^sa^FStts 1 2 0 

4. pSAlGa InP^-til 205. plGa 

1 n P ifi K-T'ft^^F^fDtRHXl 1 2 0 6. %U4 
Kl 1 2 0 7 . IS 1 CO p H A 1 G a I nP?7y Kl 1 

2 0 8. pSG a I n P x 7 ^ /if Itl 1 2 0 9. R 
XfW, 2 CO p MA 1 G a I n P * 7 7 Kl 1 2 1 0 

[0089] 3? 2 CO p MA 1 G a I n P 7 7 7 Kl 1 2 

1 014. *«»ft*l6]l3i£0 ! 5^ h7-f« (ffl : ft 
2. 0~7. 0 *«m) 5r*LTV>-5o 

[0 0 9 0] 31 2 CO pa? 7 7 Kl 1 2 1 0C0±ffilI 
14. s^nil2 1 li«»J*3iVCV*<&. 112 (Op 

S:7 7 7 Kl l 2 i ow= y^Hi2ii (Ojsifiij 

{114, nSG a Astl^a ->7l 1 2 1 2jW&S£ft 
Tl^„ = Ml 2 1 1 £*8l7*ns/*Sl 2 1 

2i<0±tw|4. pSGaAs*t77'|1213« 
$jxTV^5. ^+77*11 2 1 3<o_hEC:i4pSl;ffil 

2 14^158; Sit. Sffii 2 0 \<nMmz\*nWMMi 

2 1 5i«»rit*H-CV»S. ^11 2 0 414. 3l<0# 
Fit 3lro»Blfc*»fc4S£I**#F«ai*#L 

[00 9 1 ] ;ico#g<$u-1f1gE£$)£-f 5#¥gf$ 
icofiH. JB l <o|il£0!lco* 

14. £ATWii9T*>4« 

[0 0 9 2] 1) WMftiWifcL-C. ft^^F^Iia?D 
fSDXl 1 2 0 6 (V$ : 3 0 A~ 1 5 0 A) aWS^fcil 

[00 9 3] 2 ) Sttl H t. #fift^r #F?Sttl 1 
2 0 4W^h-C^5. 

[0 0 9 4] 3) fiTttfRftttAl 2 0 6*5. ^jgg 
( 1 . 0X1 0 18 c m- 3 U±.) K-7 , $^TV>2.o 
[0 0 9 5] 4) ^Iia?D55HXl 1 2 0 6lcr^t"C. 
(Al 0 . 6 Ga 0 . 6 ) o.s 1 n M P*»b***^ Kl 1 
2 0 7 (J¥$ : 3 0 0A~1 5 0 0 A) ««K»te>*t"CV^ 

[00 9 6] EATK. 02 2 «r#RL«*« & . **JS(?'J 

[0 0 9 7] 0 2 2frbWb*>t££o£* ^MMMX- 
14. Tfe^'C Kl 1 2 0 7 f/^moW§ 1 2 0 6 Ojfi» 
l=tt»t fon-Cl^. ftTM Kl 1 2 0 714, ^fifuRiR 
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11 2 0 6 ±0/ha<fl.O*'<«— MB 1 2 0 

p2!7 7 y Kl 1 2 0 8 4 0 t>*#fcJi*T*fr#L"0* 

10 0 9 8] Bll&¥D«Sl|3ig 1 2 0 6 Srft^f #F$je£l# 

SI4. *>*0 Still 2 0 4l=i£-3tfTRtt5>iifcv\ 

[0 0 9 9] 7 7 7 K« m<Dfa<DUft£ 

0 fcJgtfr^<a*#fc (Alo. 5 Ga 0 . 5 ) o.5 1 no.sPTi 1 
hU%%lS4 Kll 2 0 7 £*Tg&?PKHXl 1 2 0 6©i 
ffiC@dfi-t-5ritC.toT. TSJfi&fqKiRl 1 2 0 6<7?ft 

Hi:ii*«aj±»Jip$n5. ytfl^ ki 1 2 

SixTaTf&fPKHXl 1 2 0 6<7?#KCi£ fc&$c#'>&< 

[0100] plfi&fpKiRS 1 2 0 6 £A;t-#FIC LfcJS 
£. "J&fPMll 1 2 0 6(DS$^fV»tftl:. fttfl' 
Kl 1 2 0 7fcL^*<B#Wi;i&*ffi*frSffi*lBfc£ 

1 1 2 0 6 (75JBft**l*Dl-4 t . ^IfcfnSMXl 12 0 6 

(08*, i©)3§ffil4£i:ft<&*. ftct, TOSfbSRiR 
1 1 2 0 6 <0&mz%1i'( Kll 2 0 7 SrK(t5wtt: 

[0101] ##>f Kll 2 0 7ro/<^K i ft5'7 , IJ < 
fit. L < (4, «TS&?P©HXl 1 2 0 6<7V<y K^-V 7 7*4 
0t>7<#<, ?'<-til 2 0 5O^K^y7'J:9 
t > /J^$v^ 0 LA»L-. %1J4 Kll 2 0 70/<>K*iry 
77jSBl^fD®HXl 1 2 0 6 K3r-\r 7 7'(ifi-r#"5> 
i. «r^fP55iiXll 2 0 6lC^t/j5^Ciiit>bHi@#*5 a 

[0102] #fiS^-#F?eH41 1 2 0 4 l± 3 o«lt 

^-#F "Tfi&fPKHXl 1 2 0 6 <D&& <n%1J4 Kl 1 2 0 
714. If $ 1 5 00A (ffl>*x = 0. 5) (OfefrbWtfL 
Kll 2 0 7<0J?$I±. 2 0 0AK 
±T"Wa 1 4 5 i t It'AfriX i » 5. 

[0103] ffli^F^&fPKHXl 1 2 0 6 (4. 
•y D T^fl^FBl^faSiUXl 1 2 0 6 ir&ASftfc^ 
P60I4. ^fifi^FSttl 1 2 0 4lc$ ^iria-^ij-T 
Kttfcixfc*. ft^r^F^It&fDKHXl 1 2 0 6#gt£l 

1 2 0 4Kifi-3#i8#*-Cffifl$ft* fc. 814112 04 
*>fe*- '<7n-Lfc'>SSc** U T^^fnfSHXl 1 2 
0 6Kj4A£jh.5. ?*o"C. "Tt&fDfKIXl 1 2 0 6 14. 

Tt^mm^M 1 2 o 6icaX$n5wt 

**-C*5£!tttiffeJi5J:5l-. iSttll 2 0 4 

izKtt&ftawtasffSu*. Mil 2 04A>^ta 
fosanRi 1 2 o 6~o'>&#* y raA^Mid-t-sfcft 
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K. (M 1 2 0 5<0/<y K^'-V 7 7*14. »sK 

14, 7 7 7 Ktf?"troftil<7)g|'#tfV<> K=¥* 7 7' 4 0 t>* 

a. 

[0104] ^m^mn^m^-^wLnm^mti 

(P MI ) 14. #fift*#F?§<41 1 2 0 4 Ica^-^F 
igftp — If^firoftiK^tti^lctk^T. ft 2 0%tfJ)OL 

14. Kffi-ettflOTffei:**. 

[0 10 5] #3St6Wro¥«ftu-lF8tt-Ctt, @9K 
*$ftS4 5*S®)*fiafe3i s 5tS*H'. - 1 3 0 d B 
/HzaToWt^ (RIN) fc»&ftfc 0 

[0 10 6] $XMzWft\,1tZ 5lw, #Ht6ffij0>iNM*: 
u-f-'^fico#til4. ft^FSttl. IB***'*— 
1. KK-7*nriSfott»iWI. Kl*£tr8r 

[0107] (Ht&0H 3 ) u-if gfio 

^3<7?HiS(?iJSr. 02 3 Sr#fiB.LTtft^1-5o 

[0108] nlGaAsISHOiroll:^y7r 
1 1 4 0 2. A 1 G a I nPH45nS^7? KS 1 
4 0 3. ?§t41 1404. A 1 G a InPH^S^l 
Wpi^y Kl 1 4 0 5. piGa lnPH45i 
y?y7$±m 1 4 0 6**. z.<7)1R\zBi&£lriX\i*Z. 

z-yfsf&km 1 4 0 6<7?±§l5lri4. A 1 G a I n P 

*»p>45!J ^•;«<7)i2©pS^7 7 kii 40 7t p 

SG a I n PA>fj&5=J ^ H 1 4 0 8M ! M$ 
y 7 •/ ! M2npI?7? Kll 4 0 7RV=> 
V$ 9 hi 1 4 0 8<£>PHP.'JI4, nSG a A s MfabKZ) 
MM7°y?M 1 4 0 9(Z4oTtl*iiSn-CV^, $ 
PjIC, =V-7 7 M 1 4 0 8 ttST'D y 71 1 4 0 9 
t<75±|Cl4. plGa Ast)>bttt>* J rv7'18l 4 1 0 

*«»**ii"CV'5. * + y7*li 4 i oroiRVSSi 
4 0 1 roSStc(4. pSHtii 4 l l S.U : nS , mt , ei 4 

[0109] pm^wtonms (zn) ^5, y 

4 0 4 «Ott*t£A®«<*>fl-«l<73ffi# , Cffi K-7'^rffifDR 
HX^lsgl 4 1 3^^$ii^o 
[0 1 10] *^l(JiJ<73*«*L'-^fil4. Sttfll 
4 0 4<0-g|-/;^g&fD9SllXng$i LT«IBU"C^5jft 

•5"Ii&¥DP^i|Xffi^cl 4 1 3tiJ£:^0. pI^pSIX^ 1 

[0111] pTfiftRlRffttl 4 1 3C7?if-Y y 7»^ 
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Mil 4 i 3<o^+ yr^jx^i x 1 0 18 cm- 3 y.±II 

[0 112] Sfc. TOfnft4Kfltt 1 4 1 311^1" 5 

[0113] El 2 3 lr*H-<fc 5 l/-t'HiT* 
(4, gB««3l**«««*n-C- 1 3 0 d B/H z £AT 
<DR I N#*#fej|tfc. 

[0 114] ^HifetfiJ-C-14, nllio-C, 

a»U ^*>&A£w4?^tiloK-t'y^;ij&$rffl^ 
T. SttS 1 4 0 4 (7? 5 ^W^fP^'K^^t LT«ffi 
i-$1Rtti::**6tt*IB»«fc - t bX'Z So 

[0 115] (Ht£0!l4) E2 4Sr#!SL*^e>, 
— »*«Jl«>f[4«)Jtlt«*:RM-*"S. 02 414, n 
KJB 1 8 0 4 l©pS^7? Kll 8 0 

/<>Kiaii, Hi 2d^'i' J r^ < > KiHSfHLT^ 

So 

[0 116] #H;6SI?ilT-(4. SttS4:^rfi?p»«lXSi:ro 
MwfJMS (^^— f-S) 14, 3ocog|5» (1 8 0 0, l 
8 0 5 a 5^1 8 0 5 b) A>bM$^tl^. W> 1 * 
^— iJ-Jf 1 8 0 5 a 14. J?£ 6 0 A©(A 1 0 . 7 G a 0 3 ) 

0 . 5 1 no. 5 psa»e>j&j*£ft-c^3. £&mwm (M 

QB) S 1 8 0 014. )?$ 1 4 AOG a 0 . 5 I n 0 . 5 Pft 
-r#FH 1 4A?)(A 1 0.7G a 0.3)0.5 1 n 0 . 5 P 

ft^MWli y-Si 8 0 5 b(4. 

)?$ 6 0A«(A 1 0.7G a 0 .3) 0 . 5 1 no.sPl* 1 ^^ 

[0 117] #fi4T-P«§l (MQB) JBl 8 0 014. ffi 

So !B 1 IM 1 8 0 5 a. #a»^-P*g (MQ 

B) 1 1 8 0 0Syf2^- iM 1 8 0 5 b 
I?$I4. 2 6 0Affc5„ f l^-tll 8 0 5 aR 
X1W, 2 7-^—0-1 1 8 0 5 b 14. ffi^^fiftiHSiil 
(MQB) Si 8 0 0* h>^JSb*l=±9«EH5wt 

[0 118] ±IEcOt«5tlc4o-C. ei»»l;*Stt5a^ 
ffi^Ktt-TSPf S(4 1 0 0 m e V*tfJDS*l, £141 1 8 
0 2 Bl^fafSlRl 18 0 1 ^H=htfiWL7<tZZ. t A i 
WW Six*. #fift^P«Hl 1 8 0 OWffftrofcibl;:, 
*M*WBJI&tffc4v*J*3 2 6 0A©^-tlt 
Hs^T. ■si^fDKiRl 18 0 1 WJtWCii*ffi** J 1 % 

[0 1 19] flfFxELfciplI. pJiafP^HX^ 1 8 0 1 t 

ffitti 1802 t<om^\tM.-ti)^— tmtffiw* 

t\ flVtftjtSi. HMORiWil 8 0 1 iffittJfl 8 
0 2 ioMHWMKWS if. ^HSfoEHJil 18 0 1 rti:^ 
ffii-SJtOW-g- (3tWCii»*) I4***D1-*. Lri'L. 




#152 000-6 8 6 1 0 



z.<Dmm i 'h£t€z>t. ?st4ii 8 0 2frt>&AZh 

fclrliiot. pTftfaiSai 18 0 1 rott^ft**** 
[0 12 0] ±a!o,t?ic, #HS£f?iJTi4. 9-® 

t ^rflfnaujtJitoMic^M^Kffi (mqb) mtm 

A£ft-O>S 0 ^fifti 1 P»ili4. gtti$:t-/<7D- 
iwFfl(K75H^?j:Pfilii5$^ ; fr1-So ISoT, ^Ififp 

sinxs ~sa $ n 5 sk- # 5 . 
[0121] ^fii^wsqwffitt^&^nafDRiixiro 

rtmfttf. ^'5-tli;»<ts:ii:J:ot, 

m-T-^^tafptRiixs^aAsnSw t awjsfts. - 

So 

[0 12 2] (Hi&CT 5 ) gttaweSEaAISttfe^tr 

m®i8Sw^M»j^^afp5Siixii* 5 #ffi-t-s t . iifcfD* 
ti 5 * * y t nm^m'^ < & 9 > § s&«sa s sii fc 

tlZ. Sot, mSEfi»«5*HMKffiBi"5^ft!ftlXS 

[0 12 3] T5Iffifo»JRH&-ffl&»iRttfcS** 
i--5^fe^OV>T, pIfi&fP®HXl*?G a I nPg B >f) 
J^ritSn, KJB&t/^-f-S^A 1 G a I n P 

[0124] plfaiPKlXlw 5 *>T-®»£^Kro^ffi!Hc:fe 
fi-f SSB^?ra , 3^<^?£W-^^ LT. S iO/ii' 

L. 7^^$nti^lW©^7-> KSSt/^W^^ 
v KlwT»-Sft5jHfc^IfiafP!R^2:. BE^^^fKJ- 

ttltwMPSl4^IC'J^<. i-4to*>ft5*>^ h 

7"d s/^®^gfeS$-&5, 
[0125] **W(iaLfc1ttfd!»i|Jl« 1 9 0 6W^ 
yfV^Sr. 02 5 A^b02 5 EZ&Wltetfb 

10 12 6] i2 5A5r#PIt5t, nlGaAsItS 




(11) 



19 0 1 (Oil:, S i K-7'nlGaAs/<77ril 
9 0 2. Si K-7"n iAl Ga 1 nP^7f Kfl 9 

0 3 . £#fiffi?#F?§t£S 1 9 0 4 , ZnK-/pl 
A 1 G a I nP^-ti 1 9 0 5, p 12G a I nP"I 
ifcfDS&llXl 1 9 0 6, £1>'Z n K-^pSA 1 G a I n 

p^7fKU 9 0 7^ z.<nm&T°Mf$.£ixZ>o 

1 o 2 -v^?/J5MSH5, 

[0 12 7] Kir, 12 5 Blc^SnSJ: p12a 

1 G a InP?77K11 9 0 7©HT*Si 0 2 ^* 
J-'sVZil* plAlGa InP?7yKI1 907*! 
10 12 8] 8(l«JtA*±»w»rt*iHfc*ff 1 9 0 1 
LT, roSf&fi-. 7^y>AK 0E737 6To r r<7? 

7K^#n^4 ] -e i ^wiw i o o o c c (Dmr-m ASft, 

Sffil 9 0 ll±6 0 0"C*-CiOj»Sn5. 0 2 5CtC^ 

$4x5 prfi&fDSMxi i 9 oe^fv^sn 

5 o z.<D &WTX'<DG a I n P ^l&¥D9£l|3tg 1 9 0 6 0 
iy^/l/- M4, lP#Wfofc9 5 txmX'hZo &o 
■C. 5 n m^pIgafDeSHXl 1 9 0 6 5 /c fell 

[0 12 9] 2fctc, 12 5Dlc^$n-5J: K/Sff 
rtl^T/l"», hP^f/l'#l'7i (TMGa) , JkV- 
nH K— h t VX<D->7ytf* (SiH 4 ) tfM-A 

Six. * t V TWMrf^ v V aytftbL 
tffltinSGaAsSl 9 0 8 riHSiRttK^ * 9 * 

[0130] fc'&miz?*— VtcH-X. 

[0131] w<7??t, (112 3 Ei^^tl-Si 51-. PS 
GaAsli P fP.iJl;Si^^WliS#"C'^$^-5<. 
[0 13 2] £JLh©J:5fc. ^lEifiWKiiitf. Sttl 
- £ 42.5 It<£< . ^ItafoKUXSW-gB^^ 

[0 13 3] (gftffle) ¥*»u-if8(!<D8ttlia 
-/oniHtartitiRt. ?stt«*-caii-*, 

[0134] G a In P^afD©HXl(C pS K-'<>' h 
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1-5wtl3j;oT, Z n<04t«c*s»»J-C*X. Mi©^ 
y TiS^7'n 77^ >u&SlT i £ ft < *W»£M!$& 
f?att&<J&8"Ct5wia«Atti$ftfc. (#(?I¥4-l 
5 6 5 2 2 JMNB) , 

[0 13 5] iW«b**Sf«]ffl1-5BW"C. *JJSfn»«lfl 

a* pisyniK-'^ hx\piv$\z k— 7* $ nr H * fit 

[0 13 6] B2 6fc#fiRL*ri<fc, #3PJC: ±5** 

ft f ss^f? 6 <Dmmizt%.wtt>, 

[0 1 3 7] 2}g2 0 0 1 14, (1 0 0) iA^[0 1 
l]*|6llw9* fll«UiffiSr»onBG 8 A s SSt 
fc5o C1W&&2 0 0 1 0±tl, Si F-7'nSGaA 
sH4*' < J'77l2 0 0 2 ) Si K-ZnlAlG 
a I n PH45i'77 KI200 3. ^fijfr^F 
ffitt® 2 0 0 4, Z n K-7*plA I G a I nPH4 
5^-f|2 0 0 5, ZnRU'S i K-7"pSG a I 
n P^feftSSfl^F^&fOS&IX® 2 0 0 6. Z n K 
-7plA 1 Ga I nPi»b*2>3t^W KI20 0 7, 
Z n K-/plA 1 G a I n Pfrbtt&t&l <DpM?7 
V Kg 2 0 0 8, ^tfZ n K— 7"pSG a I nP^^i 
5i7fy/HitI200 9«s, r<7?NIlcjgfiS;$tL5. 
[0 13 8] my^V^fWJ^ 0 0 9<D_klZ\* y Z n 
K-y P SA 1 G a I n PA»5>ft5 9 7^S2rop 
I?77K|20 10tZn K-7"pSG a I n P*»?> 
!S53^?M20 11t* 5 M^5. 1)7"^ 
i2WpI^77K12 0 1 OM^^H M2 0 1 
lCOWftlJIi, Si K-7'nlGaAs^f)i5tiS7'n 
y*Jf 2 0 1 2JCio-ca*ii*n-C^5. SbK. 3 
y^? h!201 1 tffijlT'n .^12 0 1 2t<D±\Z 
14, ZnK-7'plGaAs^f>'!(:5 :J ft77l2 0 1 
3jWft*S*fO*«. *+y:7*«2 0 1 3»tf£S2 0 
0 1 0^(PJJICI4. p^lllf 2 0 1 4MnIff 2 0 1 

[0139] *mt«o i N»#t'— ifoiartBtt. mi 

2lw^Lfct<75t[^)i:T*fe?.. M#fift^#Fgttl 2 
0 0 414. D?5nm»3o<0ltWF^tf. 51: 

nTfifdftiKJI 2 0 0 6 Wfttf-Y KS 2 0 0 7 14. 
fflfKx^O. 5&oJ?$# 1 5 0 nmffci, 
[0 14 0] #|W1I4. Sft^FlftfoRHXl 2 0 
0 6lc P S!K-^^ nlK-'<^ bbZmtiHzmu 
1r&Z.t\zi. V . 3E*^#F^fiftBHBlJi 2 0 0 6 

2 0 0 6 ro^-y J) T2@lt/J s 2 X 10 18 cra-3i45 

[0141] **lt««>*ife^J:9ff«**vfc*** u ' 




(12) 



C, - 1 3 0 d B/H zKT©R I N^#bJl5. 
#145 0 0 O0#KA»b 2 0 0 0 OPfK^fifeS^ixS. - 

[0142] *35it0»j-ef4, prftftBWii^paK-^ 
yhinS k— '< y v t zm&f\zmni-z r t k 4 9 . 

[ 0 1 4 3 ] *3HSfflTH:. K-^vht IXZnM 

Mgi ifjJHJWB n 1 K-'<i' M:LtSe4 

[0144] (JUfcM 7 ) gffiffil 6 -Cti, ■5J§afD5SHX® 

[0 14 5] ^»B«3K3tXetC*3l>X** 

H5 0 *Ofc«>, Zn#, Ga I n P ^IISfDSillXlW^ 

13. ra)ffl*rtC$-frStS*>ix5. *^X\ GaAsI 
^ny?ll:nIK-^yFT-fo5S i iplK-/< 
yhffc5Zn tSrlSJ^cjSSiPi-S-fclwio-C. Ga 
I n P <^g&fDSSl|XJ§ c pa»P>fc>Z nOi£t5:^}fl)i<J$iX, fit 

[0 14 6] 02 7S:#BRU4* J 5>, 4 

10 1 4 7] SS2 1 0 114. (100) SHI0 1 
l]*|6ll-9* 4B8Lfcffi«:**OnI!Ga Asl«f* 
•5„ :«SS2 1 0 \ff>±\Z. S i K-^nSG a A s 
^^^5^77712102, Si F-T'.nlAlGa 
I n PfrbteZfy? KI2 10 3, g^fifti^FfS 
tt|2104, Zn K-/plAI Ga I nPM45 
^.X— rJ12 1 0 5, Z n.&O'S i K-T^pSG a I n 
PA»5>/j:55S?-#P1fifn!Ri|X« 2 10 6, Z n K- 
1 G a I n P*»f>fc*Jte#>f Kl 2 1 0 7 . Z 
n K-7'plA 1 G a In Prt^ft -5^ 1 <T> p 3!* 7 JX 
Kf 2 1 0 8, &tfZ n K-7'pSG a 1 n PA»fefc5 




# M 2 0 0 0 - 6 8 6 1 0 



3Ly^yy^±M2 1 0 9*5, w<7?|l|ltCJF2$$n3. 
[0 14 8] x y fy^Hltl2 1 0 9W±|CI4, Z n 
K-7"plA 1 G a I nPA^'iSD ^/W2Wp 
1^77^21 lO^Zn K-7*plGa I nPfrb 
tlb^S*? hJS2 1 1 1 i*5^$^s„ \) •y-Jm<D 
S2»pI^77K12 1 1 0S(/=^^ H211 

1 <DWlM\X S i RVZ n K-/nlG a A s frbtti 

[0 14 9] =y'??H2111 irSofi^D 

y^l2 1 1 2tro±twl4, ZnK-7*plGaAs*> 
^i5^t'>7 , |2 1 1 3iWJiX-CV^ 0 
32 11 3<D±.RV&&2 1 0 10SS«w(4, pSt;t& 

2 1 1 4&T/nI!*ffi2 1 1 5#^ftehJlM£*l-C^ 

[oi so] *mmi<D*mwis--?&m<n$mm\i. 

mi 2<Db<Okffl£XtbZ<, ^Sft^FSttH 2 1 
0 4(4, J¥£ 5 nmWSoroli^F^tf. ffift^ 
#F"II&?nS5HXB 2 10 6 <n>%-H4 Kg 2 1 0 7 (4. 11 
j&x^o. 5T-J¥$* S 1 5 0 nmtW, 
[0 15 1] #HJSW4, ®a7*nj/^i2 1 1 2ICn 

%<r>**})T&g.i i ffiM<Oi'' < Mz®'fe£i\X\ l ^Z& 

x\ w&nnmmt&teZc z.<Dm&. nM-iwtm 

2 1.1 2CDdr-vDT)ga*5 3x 1 0 18 c m" 3 i ft 5 4 5 
II, S i &t>'Z n<OS*Dft7J5^t-*JP$H5, 
[0 15 2] *|**HW#ttU±9fl*aiXfc***»' 
— tHSfEtt, 2fIISO K-/<> h*5|e)B#(C K-^Sftt 

C, - 1 3 0 d B/H z eiTOR I N#ft?>h5. $ h 

9i±. 5%* s ?)6 o%^HfKi:at$jx, -trolt^ 

^145 0 0 0B|^^b4 0 0 0 0^M^3fe#$^5, w 
[0 15 3] *HlS0iKi4, ISRfi^pIK-^^ 

*5^ft-fr-f , ^KK^ISWSa^ff * 9 * s 

[0 15 4] *^JS0iJT"l4, SS^-^F^ISfPKlRli: 

[0 1 5 5] *Hli£^-C'l4, K-^VhHTZnW 
S i #/B^e>il-0*$. L*^L, «ffl$4t*'<«? K-^ 
VM4, Cilllffi^^nft^c pSK-'^KiLTM 
gftt**5{gffl$n#-C. nlK-^hiLTS eftt* 




10 15 6) mmm 8 ) jwt, *&mt &%i-v 
sights. 

[0157] -«»w. ltfco^ft^ai^ejaftw^ 

[0 15 8] f yy^SISt, B^Srot5ffl^ro«ftt«r 
#o£¥iJ££ftfc^<*u-1fi&fif4, *&« D p£ UT# 

14, ^ST-^A^SZi^-tffci^, RUtftiK*'10 0~ 
2 oomAroiEirtl:'^^- ^Sn D Dt 1/CtMftSft 

[0 15 9] &IS. 9 : 77llIlt»$n''iA i ofc 

[oi6o] fcc, x-5?y^isa«ffferi*. **w 

#e>»4, pS^i^ K— ^SftfcnJi&fogRilXJifcfto 

tti4$^b-r?.ffirs]i-fe5r ttssHLfc. 

15, #tt!4, «lS-^rottfllS:*t»1-5J:5lw4S. « 

iOTsns^. u— !»-**«roMt6B:ai4fi i o o 

fe-f . 1 ~ 1 0#<DSi@t£lSI4fc-J7 0mA<omW>WkX' 

[oi6i] <®&<D±.fc<nmklt> u—vamoMMk 

[0 16 2] ^Wfru-lF&fi&jteiSi: ttt^f^ 

i4g8bL*^#a*#*L^. :ofc». #*9llsJ:a¥ 
jffilUi, »£L<I4. tiiW1"5n1llS, HiES 

U— 1~12 0 I'-"**!* 
ft5;K aiM4l~l2 0^M. 5 o'C-C^^^HSfi* 

ft*. rft<b<75Ifili. ^y:X<&ffia^lSff;kft5&S 

[0 1 6 3] x-s;:/^xafcff5ftfe0K:. >7*^fc 
*S$<7V<-lc#Pl-fSl!uls, ?x/MS#LT3 0 0-8 
0 O'er-*-) 10-6 0#M7-— /u^rfif 9 Z.b\z£o 
X. U-1fgffico#ttl4$^<b$ft5r t t>fc*»ofc. 
ffiftfflls -7 x/^Mi-cr =-/u«r<r 9 s. t is i or. * 
«ftu--if*KIB<&#14AS$£«:$fttt6. wive. »4 
«Hs^afp«**IS8Sft»"C. ^a D D D <^i!aiz:<Dj: 5*«SS 
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p#isias$ft#*c W4jf*fl;«)fc*!)«?rs-/Hi, * 
*/n*su— fA-lsftftSftfe^lsffv^t*. 
[0 16 4] ±ta<Dx-^y^imSU ? 7=-/H4, Hf 
fifp8RiRSlSpS!^tt« (#ISZn) ^XMCC K-T' 

[0165] ±ie<7?{SJft(75|IJ£fi ? 'JISt3^T t,, A I G a 
I nPl^ifi'- !f3£fi#tft9!$ftTl>5. U^L, 

*3§P^I4^ftlsffi^$ft5tW-Cl4*ir\ 0>]^I4. 

f!(4, Al,Ga h As (O^x^l) ^, Al.Ga, 
I n lvr N (O^xgl, O^y^l) £fcl4M 
g s Zn H S ( Se^ (Ogx^l, 0 g y g 1 ) SSI^ 
{>iIffl"5TBg-C-<fc5o {5IftOW^^ffl$ft"Ct>, "ItS 

?u9£HX/f rt 5 1 x 1 0 l8 c m- 3 £l±<7?ilSSX'?F^755 K— 

[0 16 6] AI,Ga h As (O^x^l) 
i/-f£l©S^. Iflxtf, ffittll4A l„.,Ga 0 . 9 A 
s ^"b^fSSft, *T&fo5RHxll4G a A s 
ft. ?5i/ KJII4A 1 Ga A s ri^J&fSSft*. 

[0167] Al,Ga,In (Ogx^l, 0 
gygl) ^^ffU-^^g<7?#-&. WSJ*. SttS 
14 I n 0 . 05 G a 0 95 N/^ffM£ft, pTffifnKlRStt I 
n a! Ga a ,N*»6»lftS4x, 9 7 v KJBI4A 1 „.iG 
ao.aN^b^fiJc^ftSo 

[0 16 8] Mg.Zn^Se,, (0=§x^l, 0 
gy^l) u- f-'^tto^. 0iJx.fi, St4H 

l4Cd 0 . 2 Zn,. 8 S ■ft>&#Jft&*U ^TftfnRilxSttC 
d 0 . 3 Z n 0 .;S e^<bflM£ft. 9 7 V KSttMgai 

[0169] 9 ) El 2 8 Sr#SB t*** 

[0 17 0] ft7 ! 4*9mmt, #3PJoiNSflsi'~ V 
§Stt8 0 1 ir. ^jg^U— ^IS®8 0 1 *»b»ltSftfc 
U— !f 3t (JS-S : 6 5 0 n m) Z¥-'fi%\z.1rh 
?l/yX8 0 3 i. -t<Offfjl£S:3*mi'-f3t (S.(D 
0ti4 1 u— ^'Jt<7?*^Sft-C^4) is^Bti"?) 
ESffe'f- 8 0 4 £ . u-f-'Ttw^^^iSig/RWi" 
?,/s-77'!JXA8 0 5i. a-77"!JXA8 0 5«>5) 
wu _^^^7-'^^.^ 8 0 7 (73±(r7 XirZM 
)feuyX8 06 i, &£tf. %7<<*9 8 0 7©if 
14, iT'J^li. iimOU— 
iSSftS. 3tr-^^^ 8 0 7 i:L-CI4. tt*WL¥ffl^ 

[0171] %7*<(*9 8 0 7*^KW$ft/SU'— f"'7t 
(i^ /N-77 , !)XA80StRWShfcS. £7t^>*' 

8 o 8su ! v' y y Ky */^>xs o 9 srsisu, s^fe 

^8 1 o»sAiti-S. S?t^8 1 014, HftlS^M 
*ftfc7* h^*-K«r*tT*59. %r 4 *9 BO 




[0172] %Tj*tmw\^"Xs ^mfc^—vm 
*. ftUiEcoj: *nmm<D*m#i'—?mm8 o i 

14. SMic K-^n^&fnKUxSSrWLTl^o 
Z<Dtztb, %T4*t 8 0 7^fjSlt$nfcU— 
-g|5^/>-7 7 > !iXA8 0 5 £: St^tS-iP 8 0 4 t Sritii 
U^U-fM 8 0 HcMoTtTt, f@*t&S 
^^te^i^/MclifSSixS,, 
[0 1 7 3] 0 2 2ll.^1-^i$U-f-'^fflT-li, jtlti 
*^1 0mWOU-</UKT-SS!)3giI^^i:?)o LA 1 

* ^l=IE»**ifcflMR4rW4't - 4 t £»c 

IES1- 5 £ # 1= 14 . S EMEfiA* 4 C T V * * &KI2tt 

til 5mW©3tlll*-eft**siE®$n, fi5m 

w©a*-ets«* s i?tsnnt4". ttffi^ifist^i?^ t 

[0 17 4] ±&<75 4 ?lc, j&kWnftfjxt&.W.-r: 

14. SjJi&fiftffllllJgS&D^ffi^Sr. •>:*< , 6 30- 
6 8 0 nm«>ttJl-Cffill*ff£« t SlA$ilft«. 
[0 17 5] cJXICftLT, 6 3 0~6 8 0 nm<Dt&& 
XWiVft^^OA I G a I nPl«*^f^t 

i4. s*4ea««*rftc**e)*i*v\ & 

£<7?A l Ga I nP£¥W»U-1f»Ba*3fcf 
BT-ffl^fjixSm-^. il5Ji&£SEfbl;»itlcM1-*C. t 
liiot. 368* cJxl4, 

'hgHfclcTFif MaT-fc*. 
[0 17 6] (HffiffllO) fclC. *%.WK&Z>itT 4 

loi 77] %.T4*9*£mt. **woma*ro*i»* 

-•;/ M4. 7* Ytf<i*- K*«»J**Jifc->y 
t. *<*?±lc^7>' 

A,T"^S. Hie. J|t*#u— i^Kll^felftWShfcu- 

[0 17 8] El 2 9 fc#IKLfc#e>, ;oU-f«y 
hSrUi^t' ; 5o 02 9lcfi ?IC. •>!i=^Sffi 
(7mmX3. 5 mm) 1 <D^M 1 a <75 *&IC[H]gB 2 A* 
^SiiTfc 1 ?. iag|J2<0JSElr^fl:u— *8B3# 
ElBSn-CV^. BQSB 2 05— (R!)Iil44S£4 L"C3o 9 . 
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a*! (100) Iffc5S^ (1 1 1) ffili. 
xy^y^ioTBtUSiiT^ ^ a i 7—4 t LT 
flJfflStl*. (111)6514. (100) I^b54' 
ffl$4LT^5 0 W:ft, iSlail (100) ffiA»fc 
<1 1 0>;£ftlC9 o fc*itffi»Lfc*7»«*Sffll^iX 
4X14. iffil a IC&LT4 5° MI4Lfc ( 1 1 1 ) ffiA? 
&bi\Zo (ill) ffii:»Kd1-S(fl[HrKttf>itfc 

(111) ffi(4, ±B5l al^Lte 3° ffi®1-5o Z. 
OSIwl4-^1 , ^n5y-4^^$n-f. 

1j*-*-my* K5A5^fiJc£ix5 0 H^tt 

iyf>^l:io"C«Lfc (1 1 1) BI4¥?I*$7 
-®-efc*<DT\ ffftfc-ri* ? o 5 7-4 fc LTttMte-*- 

li. u-tf*fcftttL»r ff*L<!4->y = 

^Slg 1 roM£4ffiJbJc&3f Six*. 

[0179] ->D =>>s«io±ni4. #umcu— rm 

W3(oytmt)i: ; e-f—1-?>1tib<r)7* Y¥<< K5 

lw.iDx.T, 3t{t^ffiffl<7?5^fi|7* Y?<<*- K6 a 

[0 18 0] 03 0£#fiPL*A5f>. *2afcWro#7*-f 

H0Bll*l/-f81 (1213 0 1114 *0W A^bSt 
WSJlfcU— ^**I4. T^^n*7- (0 3 0IC(4^FI21 
^) A»bRStSn-C» *d^a^i lOTICM 
$ ixfc ^ u -f- w ^ o T 3 *o f- a \z&M $ n 
•5 (ia^T-14, fi!Wt;Wfci6l*(Dt'-A(75^$ixT 
o %<0'&fc< u— ^'3tl4l/4«Sfi (1/41 
IS) 1 2 t^uyXl 3 t^3gi§L. 7trV^^14 
(73±lC7^--*^$4x5o 3t7^^^ 1 4^bRStSJX 
7tU—f-'7fel4. ^feU^Xl 3&0 ? l/4 X«l 2^rS 
iiLfctg. *c^7Aifl 1 <D±m\Z^$i\tzif^ 

3 l Iw^$ix5 J: 5 -l*7fei+ lft3tfc*«»J*4 

I* 1 5 a lcflP.lt $4X. + 1 ^^14. I2w€ffi!llc{i£tt1"5 
S3t«*l 5 btC.qP.lt $ ft 5. tfaOi^T-l 10± 
ElcffM^ixyt^t'-x-r >?<D'<9 — >Yt* — 1 55fc3te 
OilfijftEK^ + l »3troff.^iE« fc 14** * J: $ J=HS 
$ft*, 

[o l 8 l ] 0 3 2ic^$ft*J;plc. u—VX&jt? 

4*>7 ±.X*7* — 1J?> Ltl^V't #(C»4, U-f-'^-- 
y h 1 0(7?g7fe®lS?l 5 a«C^$4l*Rlt^— ^Jfef 
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